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Abstract

Cross talk between cancer cells and the immune system is determinant for cancer progression. Emerging evidence
demonstrates that GC characteristics such as metastasis, treatment resistance, and disease recurrence are associ-
ated with a tumor subpopulation called gastric cancer stem cells (GCSCs). However, the specific interaction between
GCSCs and the immune microenvironment is still under investigation. Although immune evasion has been well
described for cancer stem cells (CSCs), recent studies show that GCSCs can also regulate the immune system and
even benefit from it. This review will provide an overview of bidirectional interactions between CSCs and immune
cells in GC, compiling relevant data about how CSCs can induce leukocyte reprogramming, resulting in pro-tumoral
immune cells that orchestrate promotion of metastasis, chemoresistance, tumorigenicity, and even increase in num-
ber of cancer cells with stem properties. Some immune cells studied are tumor-associated macrophages (TAMs), neu-
trophils, Th17 and T regulatory (Treg) cells, mesenchymal stem cells (MSCs), and cancer-associated fibroblasts (CAFs),
as well as the signaling pathways involved in these pro-tumoral activities. Conversely, although there are cytotoxic
leukocytes that can potentially eliminate GCSCs, we describe mechanisms for immune evasion in GCSCs and their
clinical implications. Furthermore, we describe current available immunotherapy targeting GCSC-related markers as
possible treatment for GC, discussing how the CSC-modified immune microenvironment can mitigate or inactivate
these immunotherapies, limiting their effectiveness. Finally, we summarize key concepts and relevant evidence to
understand the cross talk between GCSCs and the immune microenvironment as an important process for effective
design of therapies against GCSCs that improve the outcome of patients with GC.
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Introduction

Currently, non-communicable diseases particularly can-
cer stand out as the main cause of death in the world [1].
According to the World Health Organization Interna-
tional Agency for Research on Cancer, the estimated new
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cases and deaths from cancer worldwide in 2020 were
19.29 x 10° and 9.96 x 10°, respectively, increasing mainly
in low human development index countries [2]. Globally,
gastric cancer (GC) ranks fifth in incidence among the
major types of cancer, with 1,089,103 new cases per year,
and represents the fourth leading cause of death from
cancer (7.7%), with 768,793 deaths worldwide [2].
Among the causes of poor GC prognosis are tumor
extent and grade, chemo- and radio-resistance, as well as
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its migration ability, which constitute some of the main
challenges for current medicine [3].

Furthermore, despite research conducted the precise
etiology of GC is still unknown. However, numerous risk
factors for GC development have been acknowledged,
the main risk factor being persistent infection of Helico-
bacter pylori [4].

In this sense, the origin of GC is a matter still under
investigation, although there are theories formulated in
this regard. In keeping with the hierarchical model of
tumor evolution, a unique cancer stem cell (CSC) popu-
lation, endowed with primitive stem cell properties and
malignant characteristics, is most likely the foundation
of an increasing number of malignant pathologies and
the target of multiple investigations [5]. Notably, a strong
relationship between CSCs and the surrounding immune
microenvironment has been suggested to play a determi-
nant role in cell fate decisions, including tumor initiation,
progression, and metastasis [6, 7].

This review outlines the recent findings contributing
to understanding the etiology of GC through the biol-
ogy of developing gastric cancer stem cells (GCSCs) in
the context of immune microenvironments. We hypoth-
esize a strong interaction between GCSCs and immune
cells, fostering reciprocal reprograming to promote can-
cer progression. In this sense, it is shown that GCSCs
promote reprogramming of immune cells toward pro-
tumoral phenotypes and that reprogrammed immune
cells can increase the GCSC subset and their stemness
capabilities, such as cell migration, clonogenicity, and
treatment resistance, among other pro-tumoral activi-
ties. Furthermore, we discuss interesting mechanisms
that could limit current immunotherapies against GC
and specifically GCSCs. Taken together, by unraveling
the mechanisms that regulate immune surveillance and
responses in GCSCs, we may learn about new strategies
to treat GC.

GCSC and the hierarchical model of tumor
progression: functional phenotypes and clinical
significance

In the past, cancer was described as heterogenic mass
of cells comprised by different subsets, and there have
been various tumor models trying to explain this cellu-
lar heterogeneity. The hierarchical model of CSCs raises
the existence of subsets of neoplastic cells with different
proliferation and differentiation capacities, where those
with the highest hierarchy and highest tumorigenic
capacity are endowed with stem cell properties and dif-
ferent sequential differentiation potentials [8]. The CSC
subset is characterized by showing self-renewal capac-
ity, chemo and radio-resistance, as well as higher poten-
tial for metastasis through epithelial-mesenchymal
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transition (EMT), which make them stand out as highly
relevant therapeutic targets [9, 10]. Many of these stem
characteristics have been related to telomere length
and telomerase activity. In this sense, it has been dem-
onstrated that pancreatic CSCs show longer telom-
eres and higher telomerase activity than bulk tumor
cells, which is related to the expression of pluripotency
genes (Nanog, Sox2, Oct3/4). Furthermore, it was con-
firmed that telomerase inhibition results in pancreatic
CSC apoptosis, making this a suitable therapy against
CSCs, specifically in pancreatic cancer [11]. Impor-
tantly, although telomere shortening is associated with
DNA instability and cell senescence [12], it is a process
observed in cancer initiation which is then followed by
telomere lengthening for chromosome stabilization and
tumor progression [13].

According to the dynamic CSC model, a feedback
loop can be established between CSCs and cancer pro-
genitor cells, suggesting that cancer progenitor cells can
also acquire stem characteristics under certain microen-
vironmental cues [14, 15]. In this regard, it is becoming
clear that inflammatory conditions cooperate to provoke
deregulations, mutations, cell fusion and others, ulti-
mately leading CSC promoting conditions [16].

In gastric tissue, the origin of CSCs has been suggested
to be from stem cells (SCs) [17, 18]. Under normal condi-
tions, the stomach has two subsets of SCs found in gas-
tric glands. The first is characterized by expressing CD44
and/or LGR5 markers and gives rise to differentiated
cells of the gastric mucosa. The second SC is usually in a
quiescent state but able to renew CD44% or LGR5™ SCs
and express Villin, TROY, and Mistl markers [19]. Con-
versely, some studies propose bone marrow mesenchymal
stem cells (BM-MSCs) as the cellular origin of GC. This
theory is supported by findings where chronic inflam-
mation caused by Helicobacter can promote attraction
of BM-MSCs toward the damaged gastric epithelium,
progressing these cells through metaplasia and dyspla-
sia to gastric cancer [20]. In agreement with this theory,
recent studies confirm that BM-MSCs promote gastric
cancer progression, cell migration and tumorigenesis via
c-Myc upregulation, a transcription factor involved in
cell proliferation [21]. This mesenchymal stem cell (MSC)
migration is dependent on chemotactic signals from GC,
for example CXCL12 and TNF-a cytokines, a character-
istic of MSC recently explored for cancer therapy to act
as drug delivery tool or as an immune modulator [22].
Despite the aforementioned, MSCs have a dual role in
many cancer types including GC, where MSCs can pro-
mote stemness, tumor growth, migration, and angiogenic
activities, but have also been shown to induce inhibition
of those tumorigenic activities; the role of this subset
depends on the MSC model (amniotic, umbilical cord or
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bone marrow MSC origin) and the gastric cancer cell line
used for experimental assays [23].

Consequently, CSC identification has become a rel-
evant approach for cancer therapy; however, it is also a
big challenge due to the low specificity of many markers
for cancer cells. The most common markers described for
GCSC identification are CD44 and the enzymatic activ-
ity of ADLH (aldehyde dehydrogenase) [24, 25]; however,
additional biomarkers are still under study, such as CD24,
CD326, LGR5, CD49f, CD54, CD90, CD71, CD133, as
well as numerous transcription factors, including Sox2,
Oct4, and Nanog [19, 26]. To identify GCSCs with higher
phenotype specificity, researchers have tested some com-
binations of different previously described GCSC-related
markers, such as CD44TCD54" or CD44TCD24" [27,
28]. In addition to their determination in gastric tissue,
some studies have estimated GCSCs in peripheral blood
samples and suggested that circulating GCSCs may initi-
ate new tumor formation, as well as being associated with
poor disease prognosis [27, 29].

Notably, the abundance of CD44% and CD133" cells
and the expression of EpCAM, Oct4 and CD54 in GC
have been correlated with TNM stage, tumor size, lym-
phovascular and distant metastases, poor prognosis and
low survival [19].

Although the CSC theory shows interesting character-
istics, it has several limitations or unclear points, such as
when or from where do CSCs arise during carcinogene-
sis? What is their role in very early cancer stages? Is there
really a hierarchical organization in the cancer model?
Why are there so many reported GCSC phenotypes? Do
all GCSC phenotypes have a common origin? Is there a
specific function for each GCSC phenotype? As we will
discuss, many of these limitations become evident when
the interactions between GCSCs and immune cells are
studied.

The gastric cancer immune contexture

Inflammation and microenvironment in the GC context
The study of tumor behavior, in vivo, is highly complex
due to the presence of cellular and non-cellular com-
ponents in the tumor microenvironment (TME). This
involves various cell populations, extracellular matrix,
hormones, growth factors, pathogens, among oth-
ers, under a dynamic and multidirectional relationship
between tumor cells, immune system, and microenviron-
ment, which is decisive for establishment and tumor pro-
gression [30].

In this sense, the association between inflamma-
tion and cancer has been known for a long time [31]. In
developed countries, nearly 23% of malignant diseases
result from chronic inflammation produced by infectious
agents, such as the hepatitis B and C virus in liver cancer,
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human papillomavirus in cervical and anogenital cancer,
and H. pylori in stomach cancer [32]. Interestingly, H.
pylori presence in gastric tissue has been associated with
GCSC origin or maintenance. In this regard, one of the
most studied mechanisms that show how H. pylori pro-
motes GCSC is through its cytotoxin-associated gene
A (CagA) protein, which in co-culture experiments has
been demonstrated to be responsible for the increase of
gastric cells with EMT and CSC properties, like CD44
expression, in a mechanism mediated by E-cadherin,
NF-kB, and Zeb1/2 transcription factors [33]. Moreover,
it has been revealed that H. pylori and the effects medi-
ated by CagA promote loss of nuclear BRCALI in gastric
model cell lines, a protein with a critical role in protec-
tion against DNA double-strand breaks (DSB), thereby
observing genomic instability; importantly, this fact
could be related to H. pylori-associated carcinogenesis
[34].

Despite these associations, not every inflammatory
process favors the appearance of neoplasms, this depends
on time and characteristics of the inflammatory process.
However, in the context of a chronic inflammatory pro-
cess, it has been suggested that persistent presence of
inflammatory mediators could favor pro-oncogenic alter-
ations [35].

There are different mechanisms to explain the associa-
tion between chronic inflammation and carcinogenesis.
For example, in cholangiocarcinoma it has been observed
that exposure to pro-inflammatory cytokines IL-1(,
TNEF-a and INF-y promotes nitric oxide release, and this
correlates with the level of DNA damage [36]. Similarly,
in gastric models it has been seen that the presence of H.
pylori induces the production of hydrogen peroxide that
results in DNA damage [37]. In this regard, in infection-
associated cancer models nitrative and oxidative stress
products have been found increased in cells with the
presence of CSC-related markers (CD133 and Oct3/4)
[38].

As discussed, the immune system plays a prominent
role in cancer onset; however, it can also contribute to
cancer progression. For example, pro-inflammatory
cytokines such as TNF-a, IL-6, IL-1, and IL-17 can be
anti-tumoral by stimulating pro-inflammatory and cyto-
toxic environments, but these cytokines can also have
pro-tumoral activities due to their ability to stimulate
signaling pathways associated with cell proliferation, sur-
vival, and angiogenesis [35]. Similarly, cytokines such as
IL-1B, TGE-P1, and IL-6 can have pro-tumoral effects
derived from their ability to stimulate cell migration, as
well as secretion of metalloproteinases, pro-angiogenic
factors like matrix metallopeptidase-9 (MMP-9), and
vascular endothelial growth factor (VEGF) [39]. Thus,
it has been suggested that the pro-tumor or anti-tumor
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activities of various mediators of the immune system
depend on the intrinsic and extrinsic tumor cell condi-
tions [40].

Innate and adaptive immune system in feedback loop

with GCSC

It is a fact that immune mediators are determinant fac-
tors for cancer development and progression; however,
as will be discussed below, specific interaction between
immune cells and GCSCs could be a major key for onco-
genic process of GC.

Among the main leukocytes related to GCSCs are
tumor-associated macrophages (TAMs), which correlate
with prognosis in different types of cancer, including gas-
tric cancer [41]. In GC, it is known that TAM-M2 pre-
dominance is associated with a worse prognosis due to
anti-inflammatory activity, unlike TAM-M1, which gen-
erates a favorable prognosis due to a pro-inflammatory
and anti-tumoral activity [42]. Furthermore, it has been
observed that the infiltration of TAMs in gastric cancer is
negatively correlated with the under-expression of CD3-
zeta chain in T lymphocytes, which suggest that in gas-
tric cancer TAMs could be another factor responsible for
T cell activity [43].

TAMs have been involved in regulation of drug resist-
ance and tumorigenicity by CSC. Downstream factors
released by TAMs, especially milk-fat-globule-epidermal
growth factor-VIII (MFG-E8) in cooperation with IL-6,
activate STAT3 and Sonic Hedgehog signaling pathways,
inducing chemoresistance in colon CSCs [44].

The presence of TAMs in GC has also been associated
with promotion of metastasis, a process that appears to
be regulated by GCSCs. In a co-culture study with mono-
cytes and enriched GCSCs, overexpression of cytokines,
monocyte chemoattractant protein-1 (MCP-1), IL-10,
IEN-y, and VEGE, was observed. Hence, pro-metastatic
factors would be favoring migration of these GCSCs [43].
Although overexpression of these factors was evident in
this study; it is necessary to demonstrate the stemness of
this model.

It has also been shown, through co-culture studies
between GC cells and TAM-M2, that M2 macrophages
can promote the EMT process in GC. This is generated
by a mechanism dependent on gastric cancer-derived
mesenchymal stromal cells, which can secrete IL-6 and
IL-8 to polarize TAMs toward the M2 phenotype, so
that the polarized TAM-M2 can favor the EMT meta-
static process in GC cells [45]. The importance of this
fact lies in the relationship between the EMT process
and stemness, since it has been confirmed that cancer
cells subjected to EMT develop stemness markers such
as high CD44 expression and increased ability to form
tumor spheres [46]. Similarly, in a prostate model it was
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demonstrated that TAMs promote migration, EMT, and
induce self-renewal of cancer cells through the release
of the CCL5 chemokine, which activates the B-catenin/
STAT3 signaling pathway to induce stemness [47].

Additionally, the presence of mesenchymal cells in the
cancer microenvironment is important for CSC mainte-
nance, mediated by TGF-p, a cytokine released by can-
cer-associated fibroblasts (CAFs) and MSCs, promoting
stem characteristics in cancer cells [7].

It has also been studied, through in vitro and artifi-
cial assays, that MSCs fused with GC cells may generate
cell hybrids with stem phenotype markers, in addition
to increasing migration and proliferation capacity [48],
a fact that supports to the possibility that MSCs may be
involved in gastric carcinogenesis.

Exosome studies are an alternative approach for study-
ing the role of MSC for the emergence of GCSCs. Several
observations showed that BM-MSCs released exosomes
containing ubiquitin protein ligase E3 component n-Rec-
ognin 2 (UBR2) could be internalized into GC cells and
stimulate activation of the Wnt/fB-catenin signaling path-
way promoting cell migration, proliferation, and overex-
pression of stem-related genes [49].

Following the paracrine regulation between CSCs and
immune cells using exosomes, it is known that CAFs
can favor enrichment of CSCs and promote metastasis,
tumorigenicity, and chemoresistance through the release
of exosomes containing H-19 non-coding RNA, whose
activity stimulates pathways such as Wnt/B-catenin in
CSCs. H19 seems to interact with miR-141, a -catenin
regulator, favoring [-catenin activity and overexpres-
sion [7]. Additionally, it was demonstrated that exosomes
secreted by GC cells promote CAF differentiation from
pericytes via PI3K/AKT and MEK/ERK cell pathway acti-
vation [50]. Completing this interaction loop between
CSCs-CAFs, it has been reported that breast CSCs can
secrete Hedgehog ligand (SHH), stimulating the Sonic
Hedgehog signaling pathway in CAFs. Hedgehog sign-
aling in CAFs promotes release of many ligands and
growth factors such as fibroblast growth factor-7 and
versican, which positively affect CSCs, increasing expan-
sion and self-renewal [51]. These relevant interactions
between CSCs, CAFs, and TAMs are outlined in Fig. 1.

Furthermore, in murine models, CSCs have been found
to recruit and induce pro-tumor phenotypes in neutro-
phils through the release of RNA contained in exosomes,
which travel to the bone marrow interacting with neu-
trophils, promoting their survival, proliferation, and
IL-1pB synthesis. CSCs release chemokines like CXCL1
and CXCL2 to recruit these pro-tumorigenic neutro-
phils, resulting in higher tumorigenicity and decreased
survival in mice [52]. This suggests that CSCs recruit
neutrophils from the bone marrow to benefit from their
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Fig. 1 Antigen-presenting cells in gastric cancer immunoregulation. CSC, cancer stem cell; TAM, tumor-associated macrophage; M2, TAM type
M2; Neu, neutrophil; MSC, mesenchymal stem cell; CAF, cancer-associatedfibroblast; EMT, epithelial-mesenchymal transition; VEGF, vascular
endothelialgrowth factor; MIP-2, macrophage inflammatory protein-2; IncRNA, longnon-coding RNA; 5TP RNA, 5’-Triphosphate RNA. TAM-M2
and neutrophils promotethe EMT phenotype in GC. CSCs in turn recruit pro-inflammatory neutrophils fromthe bone marrow, through an

metastasis, through the action of non-coding RNA-containing exosomes

exosome-mediated mechanism. Cancer cells stimulatedifferentiation of mesenchymal cells towards CAFs, which favor stemness characteristicsand

pro-inflammatory capacity, favoring the EMT pro-
cess, with the subsequent generation of metastatic sites
(Fig. 1). Association between tumor-associated neu-
trophils (TANs) and metastases is apparently caused by
the release of IL-1p, IL-6, IL-8, IL-17, and TNF-a, which
induce the EMT process in gastric cancer cells by activa-
tion of cell signaling pathways such as JAK2/STAT3 and
ERK1/2 [53].

Regarding the lymphocyte compartment, the Thl7
phenotype is the most abundant type of lymphocyte
within GC tumor tissue and it is associated with lower
survival in GC patients. The interleukin produced by
Th17 lymphocytes, IL-17, has been found to be elevated
in tumor tissue and peripheral blood of GC patients, spe-
cifically in those with metastases [54]. Although Th17
lymphocytes are usually viewed as a pro-inflammatory
and totally opposite to anti-inflammatory regulatory T

(T,eg) cells, there is evidence that mixed phenotypes can

exist between these cells, and these are associated with
CSC induction. For example, it is known that T ., IL-17~
lymphocytes can become IL- 17, transforming into a
pro-inflammatory phenotype [55], while Th17 lympho-
cytes without transcription factor, FOXP3, expression
can become to FOXP3™, functioning as T, lymphocytes
[56]. These IL-17"FOXP3™ lymphocytes have been found
in colorectal tumor tissue and have been shown to pro-
mote generation of CSCs in hypoxic environments by
inducing activation of MAPK and AKT kinases in can-
cer cells (Fig. 2). Interestingly, this study demonstrates
that in co-culture, IL-17"FOXP3" lymphocytes induce
stem characteristics in bone marrow sphere cells [57], a
fact that supports the theory suggesting CSCs are bone
marrow-derived, as theorized in a GC model [21].
Furthermore, regulation of Th17/T,,, plasticity or rela-
tionship seems to be dependent on interaction between
MSCs, CSCs and progenitor cancer cells (PCCs). The
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interaction between MSCs and CSCs presumably gen-
erates the release of MSC-derived TGF-P that induces
differentiation of lymphocytes toward T, phenotypes.
However, MSCs-PCCs induce lymphocyte differentiation
toward a Th17 phenotype (Fig. 2) [6]. In this way, GCSCs
could be regulators of the Th17/T,,, ratio, whose imbal-
ance has been associated with the development and pro-
gression of GC [58].

Immune evasion in GCSCs

As mentioned, there are mechanisms in GC that could
maintain an anti-inflammatory microenvironment
through increase in T,., and TAM-M2 populations; how-
ever, it is necessary to explain specific mechanisms of
immune evasion used by GCSCs to avoid the activities
of anti-tumoral leukocytes. Studying these mechanisms
will help to identify challenges for treatments targeting
GCSCs.

CD8*' T lymphocytes are a population whose pres-
ence in tumor tissue is a good prognostic factor in
GC [59]. Moreover, CSCs evade CD8" lymphocytes
by down-regulating MHC-I (major histocompatibility
complex type I), a process that significantly decreases
the CSC susceptibility to the lytic activity of these lym-
phocytes, since antigen recognition is avoided. How-
ever, although MHC-I down-regulation allows CSCs to
evade CD8 + lymphocytes, it makes them more suscep-
tible to be attacked by natural killer (NK) lymphocytes,
specialists in the recognition of cells with low levels of
MHC-I [60].

Interestingly, in patients with GC, low cytotoxic
activity of NK lymphocytes has been reported, as
well as decreased cell numbers in the tumor micro-
environment, a fact related to a high degree of tumor
invasion, TNM stage, metastasis to lymph nodes, and
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shorter survival. Low NK cytotoxicity in gastric cancer
patients has been described in microenvironments with
increased presence of IL-10, TGF-B, as well as type
M2 TAMs (Fig. 2) [61]. As mentioned, co-cultures of
enriched GCSCs and TAMs generate overexpression of
anti-inflammatory cytokines, so it is possible that these
serve as mechanisms of GCSCs for immune evasion
against NK cells. Despite the above, CSCs have been
observed to be more susceptible to identification by NK
lymphocytes, due to the overexpression of ligands such
as MICA/B, Fas, DR5, NKp30, and NKp44 [60]. There-
fore, NK cell studies may lead to interesting therapeutic
approaches.

Like NK lymphocytes, dendritic cells (DCs) show a
decreased cytotoxicity in tumor microenvironments and
blood [62]. Despite the impairment in DC cytotoxicity,
there is evidence that stimulating them with CSC CD44"
lysates generates an anti-tumor phenotype of dendritic
cells, which in turn stimulates the cytotoxic activity of
lymphocytes, decreasing tumor size and increasing sur-
vival in murine models [63]. An opposite effect has been
noted when stimulating DCs with CSC CD44-CD133%
lysates, observing a defect in DC activation [64]. This
fact demonstrates that the effect of CSCs on immune
system regulation is dependent on the CSC phenotype,
that is, not all CSC phenotypes suppress or stimulate the
immune response.

Finally, immune checkpoints such as programmed
death-ligand 1 (PD-L1) seem to have an immunological
role in GCSCs. PD-L1 is a surface receptor that induces
anergy in T cells through its interaction with PD-1, and is
commonly expressed in different types of cancer, includ-
ing GC, being related to immune evasion [41]. Different
investigations have shown that PD-L1 expression is not
equal in all cancer cell groups, for example, in head and
neck, lung, and breast cancer PD-L1 expression is mainly
associated with CD447" cells, a marker closely associ-
ated with GCSCs [65]. PD-L1 expression evaluated in
GCSCs has been associated with higher cell proliferation
[66]. Other studies on PD-L1 in CSCs have shown that
PD-L1 knockdown generates loss of stemness character-
istics and reduced chemoresistance in CSCs; however,
overexpressed PD-L1 favors tumorigenicity, chemore-
sistance, and production of CSC-associated proteins, like
ALDH [67]. In this sense, expression of PD-L1 in GCSCs
could provide them with the ability to evade the immune
system, as well as to maintain stemness characteristics
(Fig. 2).

Stemness-related signaling pathways favored by immune
activity

As previously described, the immune microenviron-
ment of GC is composed by cellular and non-cellular
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components that together allow tumor progression. Many
actions generated by those components are through stim-
ulation of specific signaling pathways that, as reviewed
throughout this manuscript, can be related to stemness
in gastric cancer cells [68].

Previously, it was mentioned that a corrupted balance
between Th17/T,,, lymphocytes in GC shows an infil-
trate with higher proportion of Th17 lymphocytes in the
tumor microenvironment [58]. In this regard, it has been
shown that the Notch pathway can function as a regu-
lator of Th17 and T, a fact supported by an observed
reduction in cytokine release from Th17- and FOXP3-
expressing T, cells after Notch pathway blockade, with-
out affecting Th17 or T, cellular proportions, suggesting
that this signaling pathway is an important element to
regulate the effect of the immune system over gastric
cancer cells (Fig. 3) [69].

Pro-tumorigenic effects generated by Thl7 cells are
derived from IL-17p activity [54]. IL-17 seems to induce
metastasis and tumorigenicity by overexpression of EMT
markers and activation of AKT/GSK3-f/p-catenin path-
ways in cancer cells, resulting in expression of stemness
markers such as Oct4, Sox2 and Nanog (Fig. 3) [70].
Other reports support that IL-17f can increase the
migratory capacities of quiescent CSC (CD26"CXCR4")
through activation of the STAT3 pathway, suggesting that
the effects of this cytokine are not limited to a particu-
lar signaling pathway [71]. However, the actions of IL-17
are not only over cancer cells, since this cytokine can
also increase the expansion of mesenchymal stem cells in
tumors, which, as previously discussed, can regulate the
Th17/Treg balance [70].

Throughout this work, we have discussed the role of
TGE-p in cancer development and CSC induction; how-
ever, the mechanisms through which this is achieved
have not been described. In this sense, the expression of
GCSC-associated markers and stemness characteristics
are apparently stimulated by the TGF-B/Smad pathway
[72]. Other reports sustain that T, ,-released TGF-f pro-
motes the overexpression of LGR5 via activation of the
canonical Wnt pathway, a process associated with poor
prognosis in GC patients [73].

In addition, TNFa has been referred to as an inflam-
matory factor related to GC development. Demonstrat-
ing a close relationship with CSCs, TNFa ~/~) knockout
mice did not express CSC markers, such as CD44, which
establishes that great part of the stemness behavior may
be related to the microenvironment generated by this
cytokine, via a mechanism by which tumor necrosis fac-
tor receptor 1 (TNFR1) up-regulates Noxol and Gnal4
pathways (Fig. 3) [74].

Finally, PD-L1 is also another immune com-
ponent that promotes stemness though different
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Fig. 3 Stemness-related signaling pathways stimulated by the immune system. Neu, neutrophil; MSC, mesenchymal stem cell;CSC, cancer stem
Tregulatory lymphocyte; Shh, Sonic hedgehog. The Notch pathway regulates thebalance between
Th17 and Treg. The immunemicroenvironment regulates tumoral process such as EMT and expression ofstemness markers, as well as immune

signaling pathways. Recent studies note that PD-L1 is
not only a receptor with immune functions, since there
is evidence in xenograft models that it is a promoter of
stemness characteristics in cancer, such as self-renewal,
tumorigenesis, and chemoresistance, derived from
interactions between PD-L1 and HMGAL, a transcrip-
tion regulator protein that promotes the activation of
PI3K/AKT and MAPK signaling pathways [67].

Promising results have been obtained using PD-L1
and PD-1 inhibitors. In a phase III trial with advanced
GC patients evaluating the use of nivolumab, an IgG4
monoclonal antibody with a co-inhibitory signal on
PD-1/PD-L1, results showed a 12-month overall sur-
vival of 26.6% compared with 10.9% in the placebo
group, which shows a high number of patients without
response to treatment [75]. Recently, it was described
that it is possible to predict treatment response to PD-1
blockade in patients with gastric cancer, by studying
chromatin accessibility of circulating CD8" T cells,
reporting better survival in patients with high chroma-
tin openness at specific genomic positions in circulat-
ing CD8™ cells [76].

Targeting GCSCs through the immune system
Immune system as a tool in the treatment against GCSC
Currently, many therapies targeting CSC are being
developed, including different inhibitors for signaling
pathways or enzymes associated with stemness such
as STAT3, Nanog, Sonic Hedgehog, Notch, mTORCI,
ALDH, telomerase inhibitors, mimetics of non-coding
RNAs like miR-34a, among other therapies [11, 77].
Limitations of these and other cancer treatments are
due to low of specificity, since the mentioned therapies
against CSCs can affect normal stem cells, generating
problems in tissue renewal. For example, since LGR5
is a marker related to normal stem cells in gastric tis-
sue and GCSCs, new therapies have been developed for
eliminate LGR5" cells in gastric cancer. Importantly,
mTORC1 maintains self-renewal of LGR5" popula-
tions, preventing cell differentiation, resulting in gas-
tric tumorigenesis. These carcinogenic functions make
LGR5 a potential therapeutic target; however, the use
of mTORCI1 inhibitors may generate antral gland atro-
phy due to poor tissue turnover, limiting its use for
therapy [78].
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As mentioned before, GCSCs interact with immune
cells in the tumor microenvironment in order to avoid
being eliminated by those immune cells. However, the
immune system can be also a tool for gastric cancer treat-
ment, though current immune therapy strategies target-
ing CSC markers. Table 1 shows examples of immune
therapies with potential use against GCSCs.

Monoclonal antibodies targeting cell surface mark-
ers of CSCs show great potential to eliminate this sub-
population. An example is the recombinant monoclonal
antibody RG7356 that blocks the binding of all CD44 iso-
forms to hyaluronic acid to reduce tumor growth in vivo
by successfully phagocytizing CD44 + CSCs. However, in

Table 1 Immunotherapies targeting CSC markers with potential use
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a phase I clinical trial involving sixty-five patients with
different solid tumors, the efficacy of the antibody was
moderate [80].

Conversely, immunotherapy based on cellular com-
ponents provides a treatment with the most dynamic
mechanism of action. For example, dendritic cell-based
vaccination is a therapy based on the role of DCs as
antigen-presenting cells (APCs) to CD8" and CD4* lym-
phocytes. The participation of DCs consists in obtaining
the cells from patients and pulse them with tumor-asso-
ciated antigens or tumor cell lysates in order to gener-
ate mature DCs able to induce cytotoxic T lymphocytes
against tumor cells and CSCs [82]. This therapy has been

against GCSC

Therapy Target Type of cancer

Type of study Results References

Antibody-drug conjugate  LGR5 Colon

Antibody RG7356 CD44 CD44™ solid tumors

DC-vaccination Pool CSC antigens  Ehrlich carcinoma

DC-vaccination Pool CSC antigens  Melanoma

Squamous cell carcinoma

DC-vaccination Pool CSC antigens  Breast
Immune checkpoint inhibi-  PD-1 Melanoma
tion
Immune checkpoint inhibi-  CTLA-4 PD-1 Colorectal
tion
NK-activated cells ALDH CD24 Breast
CD44 CD133

CART CD44-v6 AML

MM
CART CD133 Glioblastoma
CAR-T combined with CD54 Gastric

Paclitaxel

Preclinical murine xenograft  Tumor stasis or regression [79]
in vivo

Does not target healthy

epithelia

ASurvival

Clinical phase |
NCT01358903

Fever, headache and fatigue  [80]
21% of the patients pre-

sented disease stabilization

No activation of mac-

rophages

Possible migration of mono-
cytes to tumor tissue

Preclinical murine xenograft |, Tumor growth [81]
J MDR and Bcl-2

4 Sensitivity to chemo-

therapy
Preclinical syngeneic murine |, Tumor growth [82]
model J Metastasis
J CSC features
4 Survival
Preclinical cell lines 1 Apoptosis [83]
IFN-y
Clinical phase Ib 4 Progression-free survival ~ [84]
NCT01704287
Preclinical syngeneic murine 4 CD8+-T cells [85]
model
Preclinical cell lines 1 CSCs populations [86]
Preclinical murine xenograft 4 Anti-tumor activity [87]
Specifically killed cancer
cells

4 IL-7/IL-15 efficacy

Preclinical patient-derived 4 CD133"cells [88]
cells elimination
Preclinical murine xenograft 4 CD57 marker in lympho-
cytes
4 Survival
Preclinical murine xenograft 4 Survival (89]

4 Anti-tumor activity
J Tumor growth

HA, hyaluronic acid; CSC, cancer stem cell; DC, dendritic cell; NK, natural killer; AML, acute myeloid leukemia; MM, multiple myeloma
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demonstrated to induce tumor regression, increase apop-
tosis, and reduce metastasis in various types of cancer,
such as melanoma, breast cancer, and colon [81-83].

Lymphocytes are another type of cells widely used in
anti-CSC therapies. NK lymphocytes are innate immune
system effector cells that do not need a previous encoun-
ter with an antigen to fulfill its cytotoxic function, an
advantage in the treatment against cells that fail to
express MHC efficiently, such as cancer cells and CSCs
[60]. Therapy based on effector NK cells with assays car-
ried out in pancreatic, breast, glioblastoma and sarcoma
cell lines confirms elimination of those cell populations in
a mechanism derived from upregulation of NK activation
ligands MICA/B in CSC, and NKG2D receptors in NK
cells, which generates the suppression of tumor growth
[86].

Finally, immunotherapy using engineered T cells that
express chimeric antigen receptors (CARs) is a therapy
that contemplates the benefits of cellular and antibody-
based treatments. Chimeric antigen receptor T cell
(CAR-T) therapy consists in introducing autologous
CD4" and CD8* lymphocytes modified to express CAR
on their cellular surface, allowing them to recognize and
respond to a specific antigen without a previous antigen-
presenting process [90]. There is research using CAR-Ts
that target markers such as CD44v6, CD133, EpCAM,
and CD54, among others, resulting in efficient CSC
elimination [87-89]. Combinatory therapy has also been
used in a gastric cancer model, for example, combinatory
treatment with CAR-Ts targeting CD54 in combination
with paclitaxel chemotherapy or local stimulation with
IL-12 generates longer survival and less tumor growth in
xenograft models compared with monotherapy [89].

Immunotherapy resistance related to GCSC
microenvironment

It is evident that immunotherapy has promising results in
plenty of preclinical studies; however, in clinical studies,
immunotherapies face great limitations, such as treat-
ment resistance [91].

Immunotherapy resistance is caused by many factors,
among which the TME stands out. Thus, effects of stro-
mal cells and other immunosuppressive cells, as well as
metabolism-driven effects on TME facilitating conditions
for cell infiltration, survival, and proliferation, among
others, must be considered in order to develop immuno-
therapeutic strategies that could be applicable to patients
[92].

For example, the presence of PD-L1 in the tumor
microenvironment is a limiting factor in lymphocyte
anti-cancer activity, therefore, considering the pres-
ence of PD-L1 is important for use of lymphocyte-based
immunotherapies such as CAR-Ts [93].
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Another possible cause of failure in CAR-T therapy is
T cell exhaustion. This process generates progressive loss
of function in lymphocytes due to an unfavorable state in
the immune microenvironment. For example, high levels
of IL-10, IL-35, TGF-p, as well as Treg lymphocytes, have
been shown to facilitate T cell exhaustion, promoting an
immunosuppressive environment that is a great barrier
for CAR-T therapy [93].

Like PD-1, high levels of the checkpoint receptor
TIM-3 have been observed to result in failure of CAR-T
treatment [94]. In this regard, it should be noted that in
GC there is an elevated presence of the Gal-9 receptor,
ligand of the TIM-3 lymphocyte receptor, whose axis
generates the inactivation of lymphocyte [95].

Additionally, cellular components of the TME can con-
tribute to anti-cancer treatment failure. It has been found
that a high density of CAFs and TAM-M2 restricts the
infiltration capacity of cytotoxic lymphocytes, probably
due to the release of anti-inflammatory cytokines such as
TGEF-pB and IL-10, respectively [96]. Similarly, exposure of
NK lymphocytes to IL-10 and TGEF-P affects their cyto-
toxic function [61].

In this sense, TME characteristics are important factors
for immunotherapies based on NK, CD8", and CAR-T
lymphocytes and possibly on monoclonal antibodies.

Interestingly, cytotoxic activity of lymphocytes has
been found to promote dedifferentiation of neoplastic
cells, generating resistance to immunotherapy. In a study
with melanoma patients using adaptive T cell transfer
(ACT) therapy with MART1 antigen, a specific antigen
in malignant melanoma, it was observed that patients
resistant to immunotherapy generated dedifferentiation
of tumor cells, which showed loss of the MART1 marker,
a process derived after cytotoxic lymphocyte infiltration,
and which appears to be dependent on TNF-« release
in the tumor microenvironment [97]. This leads to the
conclusion that a pro-inflammatory TME is not entirely
beneficial for immunotherapies based on lymphocytes
or monoclonal antibodies, at least in melanoma, but it
is necessary to study the presence of this kind of therapy
resistance in other cancer models.

As mentioned previously, in GC there are CAF, TAM-
M2, T, lymphocytes, and Th17 lymphocytes present,
which favor the synthesis of cytokines such as IL-10,
IL-15, TGF-B, and IL-17 [41, 58]. The presence of these
immune cells and cytokines is largely regulated by
GCSCs, through various mechanisms already discussed
[6]. In addition, the expression of immunological check-
points such as Gal-9 and PD-L1 is maintained in GC,
and the latter is also expressed in GCSCs [66]. Due to the
above, the GC immune microenvironment represents a
determining factor for resistance against immunothera-
pies, especially those focused on GCSCs.
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Regarding an improvement in the effectiveness of anti-
tumoral therapy, evidence suggests that it is not ben-
eficial to focus therapies only toward the elimination of
certain cellular subsets, or to affect a single relevant sign-
aling pathway. Cancer is a complex disease that needs to
be attacked from several sides. Drug combination is a
reliable strategy that aims to eliminate cancer cells and
prevent execution of pro-survival responses, yet it is
equally important that such drugs be targeted based on
the regulation of the immune TME, in order to avoid dif-
ferent mechanisms of resistance to immunotherapy, as
well as favoring elimination of cancer cells, and control-
ling all the factors in the TME that malignant cells can
take advantage of.

Conclusion

CSCs represent an important cellular subset with out-
standing functions in tumor progression, being related in
GC with worse clinical outcome in patients. Herein, dif-
ferent mechanisms by which the immune microenviron-
ment can be a contributing factor to carcinogenesis and
GCSC induction were discussed, notably their role in the
maintenance of stemness, metastasis, and development
of immunoresistance and chemoresistance in GCSCs.
This is a bidirectional interaction, since CSCs can stimu-
late, recruit, or differentiate leukocytes to favorable phe-
notypes or activities. The influence that CSCs exert over
leukocytes is dependent of the specific CSC phenotype,
due to the different expression of cytokines and other fac-
tors, such as RNA contained in exosomes and immuno-
logical checkpoints. Considering the existence of various
GCSC phenotypes, it is necessary to investigate the spe-
cific function of each phenotype in the tumor microen-
vironment. Furthermore, as was discussed, the immune
microenvironment promoted by GCSCs is a factor that
alters the effectiveness of immunotherapies such as CAR-
Ts and monoclonal antibodies, although this could be
related to classic tumor therapy resistance. Therefore, the
mentioned interaction between GCSCs and the immune
system is a challenge for the treatment of GC, and an
important factor to consider in the development of future
strategies against cancer.

Abbreviations

ACT: Adaptive T cell transfer; ALDH: Aldehyde dehydrogenase; BM-MSCs:

Bone marrow mesenchymal stem cells; CAFs: Cancer-associated fibroblasts;
CagA: Cytotoxin-associated gene A; CAR: Chimeric antigen receptor; CAR-Ts:
Chimeric antigen receptor T cells; CSCs: Cancer stem cells; DCs: Dendritic cells;
EMT: Epithelial-mesenchymal transition; GC: Gastric cancer; GCSCs: Gastric
cancer stem cells; MCP-1: Monocyte chemoattractant protein-1; MHC-I: Major
histocompatibility complex type I; MMP-9: Matrix metallopeptidase-9; MSCs:
Mesenchymal stem cells; NK: Natural killer; PCCs: Progenitor cancer cells; PD-
L1: Programmed death-ligand 1; SCs: Stem cells; TAMs: Tumor-associated mac-
rophages; TANs: Tumor associated neutrophils; TME: Tumor microenvironment;

Page 11 of 14

TNFRT:Tumor necrosis factor receptor 1; T.: Regulatory T; VEGF: Vascular
endothelial growth factor.

Acknowledgements

All the authors acknowledge and thank their respective universities and
institutes, as well as Dr. Elizabeth Langley for suggestions and editing of this
manuscript.

Authors’ contributions

JB-R and EO-S contributed to the main structure of the work, with support of
EA-O and MET-G who performed the bibliographical search. EO-S supervised
and corrected different versions of the manuscript. RP-C reviewed and sug-
gested modifications in many versions of the manuscript. All authors read and
approved the final manuscript.

Funding

This work is supported by Instituto Nacional de Cancerologfa and from Con-
sejo Nacional de Ciencia y Tecnologfa México (CONACYT No. A1-S40601). JB-R
recived a scholarship from Direccién General de Calidad y Educacién en Salud,
Secretarfa de Salud. EA-O received scholarship from CONACyT (CVU854365).

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Subdireccién de Investigacion Bésica, Instituto Nacional de Cancerologfa,
Secretarfa de Salud, Ciudad de México, Mexico. >Programa de Posgrado en
Ciencias Biolégicas, Universidad Nacional Auténoma de México, Ciudad de
Meéxico, Mexico. *Departamento de Bioquimica, Facultad de Medicina, Uni-
versidad Nacional Auténoma de México (UNAM), Ciudad de México, Mexico.
“Centro de Investigacién Biomédica de Oriente, Instituto Mexicano del Seguro
Social, Delegacion Puebla, Puebla, Mexico.

Received: 3 June 2021 Accepted: 16 August 2021
Published online: 09 September 2021

References

1. Roth GA, Abate D, Abate KH, Abay SM, Abbafati C, Abbasi N, et al. Global,
regional, and national age-sex-specific mortality for 282 causes of death
in 195 countries and territories, 1980-2017: a systematic analysis for the
Global Burden of Disease Study 2017. Lancet. 2018;392(10159):1736-88.
https://doi.org/10.1016/S0140-6736(18)32203-7.

2. Global Cancer Observatory. https://gco.arcfr/ (2021). Accessed 14 May
2021.

3. Alshehri A, Alanezi H, Kim BS. Prognosis factors of advanced gastric
cancer according to sex and age. World J Clin Cases. 2020;8(9):1608-19.
https://doi.org/10.12998/wjcc.v8.i9.1608.

4. Yusefi AR, Lankarani KB, Bastani P, Radinmanesh M, Kavosi Z. Risk fac-
tors for gastric cancer: a systematic review. Asian Pac J Cancer Prev.
2018;19:591-603. https://doi.org/10.22034/APJCP2018.19.3.591.

5. Codd AS, Kanaseki T, Torigo T, Tabi Z. Cancer stem cells as targets for

immunotherapy. Immunology. 2018;153:304-14. https://doi.org/10.1111/

imm.12866.

Patel SA, Dave MA, Bliss SA, Giec-Ujda AB, Bryan M, Pliner LF, et al. T reg /

Th17 polarization by distinct subsets of breast cancer cells is dictated

by the interaction with mesenchymal stem cells. J Cancer Stem Cell Res.

2014,2014(2):e1003. https://doi.org/10.14343/jcscr.2014.2e1003.

o


https://doi.org/10.1016/S0140-6736(18)32203-7
https://gco.iarc.fr/
https://doi.org/10.12998/wjcc.v8.i9.1608
https://doi.org/10.22034/APJCP.2018.19.3.591
https://doi.org/10.1111/imm.12866
https://doi.org/10.1111/imm.12866
https://doi.org/10.14343/jcscr.2014.2e1003

Becerril-Rico et al. Stem Cell Res Ther

20.

21

22.

23.

24.

25.

26.

27.

(2021) 12:498

Ren J, Ding L, Zhang D, Shi G, Xu Q, Shen S, et al. Carcinoma-associated
fibroblasts promote the stemness and chemoresistance of colorectal
cancer by transferring exosomal INcRNA H19. Theranostics. 2018;8:3932—
48. https://doi.org/10.7150/thno.25541.

Gasch C, Ffrench B, O'Leary JJ, Gallagher MF. Catching moving targets:
Cancer stem cell hierarchies, therapy-resistance & considerations for
clinical intervention. Mol Cancer. 2017;16:43. https://doi.org/10.1186/
$12943-017-0601-3.

Atashzar MR, Baharlou R, Karami J, Abdollahi H, Rezaei R, Pourramezan F,
et al. Cancer stem cells: A review from origin to therapeutic implications. J
Cell Physiol. 2020;235:790-803. https://doi.org/10.1002/jcp.29044.
Dalerba P, Cho RW, Clarke MF. Cancer stem cells: models and concepts.
Annu Rev Med. 2007,58:267-84. https://doi.org/10.1146/annurev.med.58.
062105.204854.

. Walter K, Rodriguez-Aznar E, Ferrerira MSV, Frappart P-O, Dittrich T, Tiwary

K, et al. Telomerase and pluripotency factors jointly regulate stemness in
pancreatic cancer stem cells. Cancers. 2021;13:3145. https://doi.org/10.
3390/cancers13133145.

Fathi E, Charoudeh HN, Sanaat Z, Farahzadi R. Telomere shortening as a
hallmark of stem cell senescence. Stem Cell Investig. 2019;6:7. https://doi.
0rg/10.21037/s¢i.2019.02.04.

Ju Z, Rudolph KL. Telomeres and telomerase in cancer stem cells. Eur J
Cancer. 2006;42(9):1197-203. https://doi.org/10.1016/j.ejca.2006.01.040.
Rich JN. Cancer stem cells: Understanding tumor hierarchy and heteroge-
neity. Med (United States). 2016;95:51. https://doi.org/10.1097/MD.00000
00000004764.

Chaffer CL, Brueckmann |, Scheel C, Kaestli AJ, Wiggins PA, Rodrigues LO.
Normal and neoplasic nonstem cells can spontaneously convert to a
stem-like state. Proc Natl Acad Sci USA. 2011;108(19):7950-5. https://doi.
0rg/10.1073/pnas.1102454108.

Giraud J, Bessede E, Mégraud F, Varon C. Gastric cancer: a stem cell
disease?. In: Gastric cancer. InTech. 2017. https://doi.org/10.5772/intec
hopen.69947.

Li X-B,Yang G, Zhu L, Tang Y-L, Zhang C, Ju Z, et al. Gastric Lgr5(+) stem
cells are the cellular origin of invasive intestinal-type gastric cancer in
mice. Cell Res. 2016;26(7):838-49. https://doi.org/10.1038/cr.2016.47.
Barker N, Huch M, Kujala P, van de Wetering M, Snippert HJ, van Es JH,

et al. Lgr5(+ve) stem cells drive self-renewal in the stomach and build
long-lived gastric units in vitro. Cell Stem Cell. 2010;6(1):25-36. https://
doi.org/10.1016/j.stem.2009.11.013.

Brungs D, Aghmesheh M, Vine KL, Becker TM, Carolan MG, Ranson

M. Gastric cancer stem cells: evidence, potential markers, and clinical
implications. J Gastroenterol. 2016;51:313-26. https://doi.org/10.1007/
s00535-015-1125-5.

Houghton JM, Stoicov C, Nomura S, Rogers AB, Carlson J, Li H, et al.
Gastric cancer originating from bone marrow-derived cells. Science.
2004;306:1568-71. https://doi.org/10.1126/science.1099513.

Chen B, Yu J,Wang Q, Zhao Y, Sun L, Xu C, et al. Human bone marrow
mesenchymal stem cells promote gastric cancer growth via regulating
c-Myc. Stem Cells Int. 2018;2018:9501747. https://doi.org/10.1155/2018/
9501747.

LiY, Zhong X, Zhang Y, Lu X. Mesenchymal stem cells in gastric cancer:
vicious but hopeful. Fron Oncol. 2021;11: 617677. https://doi.org/10.
3389/fonc.2021.617677.

Fathi E, Sanaat Z, Farahzadi R. Mesenchymal stem cells in acute myeloid
leukemia: a focus on mechanisms involved and therapeutic concepts.
Blood Res. 2019;54(3):165-74. https://doi.org/10.5045/br.2019.54.3.165.
Nguyen PH, Giraud J, Chambonnier L, Dubus P, Wittkop L, Belleannee

G, et al. Characterization of Biomarkers of tumorigenic and chemore-
sistant cancer stem cells in human gastric carcinoma. Clin Cancer Res.
2017;23:1586-97. https://doi.org/10.1158/1078-0432.CCR-15-2157.
Takaishi S, Okumura T, Tu S, Wang SSW, Shibata W, Vigneshwaran R, et al.
Identification of gastric cancer stem cells using the cell surface marker
CD44. Stem Cell. 2009;27(5):1006-20. https://doi.org/10.1002/stem.30.
Zhang X, Hua R, Wang X, Huang M, Gan L, Wu Z, et al. Identification of
stem-like cells and clinical significance of candidate stem cell markers in
gastric cancer. Oncotarget. 2016;7(9):9815-31. https://doi.org/10.18632/
oncotarget.6890.

ChenT, Yang K, Yu J, Meng W, Yuan D, Bi F, et al. Identification and expan-
sion of cancer stem cells in tumor tissues and peripheral blood derived

28.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Page 12 of 14

from gastric adenocarcinoma patients. Cell Res. 2012,22(1):248-58.
https://doi.org/10.1038/cr.2011.109.

Zhang C, Li C, He F, CaiY, Yang H. Identification of CD44+-CD24+ gastric
cancer stem cells. J Cancer Res Clin Oncol. 2011;137(11):1679-86. https.//
doi.org/10.1007/500432-011-1038-5.

. LiM, Zhang B, Zhang Z, Liu X, Qi X, Zhao J, et al. Stem cell-like circulating

tumor cells indicate poor prognosis in gastric cancer. Biomed Res Int.
2014;2014:981261. https://doi.org/10.1155/2014/981261.

Cacho-Dfaz B, Garcia-Botello D, Wegman-Ostrosky T, Reyes-Soto G, Ortiz-
Sanchez E, Herrera-Montalvo LA. Tumor microenvironment differences
between primary tumor and brain metastases. J Transl Med. 2020;18(1):1.
https://doi.org/10.1186/512967-019-02189-8.

Gonzalez H, Hagerling C, Werb Z. Roles of the immune system in

cancer: from tumor initiation to metastatic progression. Genes Dev.
2018;32:1267-84. https://doi.org/10.1101/GAD.314617.118.
Masrour-Roudsari J, Ebrahimpour S. Causal role of infectious agents in
cancer: an overview. Casp J Intern Med. 2017;8:153-8. https://doi.org/10.
22088/cjim.8.3.153.

Baud J, Varon C, Chabas S, Chambonnier L, Darfeuille F, Staedel C. Helico-
bacter pylori initiates a mesenchymal transition through ZEB1 in gastric
epithelial cells. PLoS ONE. 2013;8(4): e603115. https://doi.org/10.1371/
journal.pone.0060315.

Imai S, Ooki T, Murata-Kamiya N, Komura D, Tahmina K, Wu W, et al.
Helicobacter pylori CagA elicits BRCAness to induce genome instability
that may underlie bacterial gastric carcinogenesis. Cell Host Microbe.
2021;29:941-58. https://doi.org/10.1016/j.chrom.2021.04.006.

Greten FR, Grivennikov SI. Inflammation and cancer: triggers, mecha-
nisms, and consequences. Immunity. 2019;51:27-41. https://doi.org/10.
1016/j.immuni.2019.06.025.

Labib PL, Goodchild G, Pereira SP. Molecular pathogenesis of chol-
angiocarcinoma. BMC Cancer. 2019;19:185. https://doi.org/10.1186/
$12885-019-5391-0.

Kawanishi S, Ohnishi S, Ma N, Hiraku Y, Oikawa S, Murata M. Nitrative and
oxidative DNA damage in infection-related carcinogenesis in relation to
cancer stem cells. Genes Environ. 2016;38:26. https://doi.org/10.1186/
$41021-016-0055-7.

Kundu J, Surh Y. Inflammation: Gearing the journey to cancer. Mutat Res.
2008;659:15-30. https://doi.org/10.1016/j.mrrev.2008.03.002.

Chow MT, Luster AD. Chemokines in cancer. Cancer Immunol Res.
2014;2:1125-31. https://doi.org/10.1158/2326-6066.CIR-14-0160.

Liu JY, Peng CW, Yang GF, Hu WQ, Yang XJ, Huang CQ, et al. Distribution
pattern of tumor associated macrophages predicts the prognosis of
gastric cancer. Oncotarget. 2017;8:92757-69. https://doi.org/10.18632/
oncotarget.21575.

Wang XL, Jiang JT, Wu CP. Prognostic significance of tumor-associated
macrophage infiltration in gastric cancer: a meta-analysis. Genet Mol Res.
2016;15(4):gmr15049040. https://doi.org/10.4238/GMR15049040.
Gambardella V, Castillo J, Tarazona N, Gimeno-Valiente F, Martinez-
Ciarpaglini C, Cabeza-Segura M, et al. The role of tumor-associated
macrophages in gastric cancer development and their potential as a
therapeutic target. Cancer Treat Rev. 2020;86: 102015. https://doi.org/10.
1016/j.ctrv.2020.102015.

Zhang C, Hu X, Liu X-Y, Liang P, Zhang J, Cao L, et al. Effect of tumor-
associated macrophages on gastric cancer stem cell in omental

milky spots and lymph node micrometastasis. Int J Clin Exp Pathol.
2015;8(11):13795-805.

Aramini B, Masciale V, Grisendi G, Banchelli F, D’Amico R, Maiorana A, et al.
Cancer stem cells and macrophages: molecular connections and future
perspectives against cancer. Oncotarget. 2021;12:230-50. https://doi.org/
10.18632/0oncotarget27870.

LiW, Zhang X, Wu F, Zhou Y, Bao Z, Li H, et al. Gastric cancer-derived
mesenchymal stromal cells trigger M2 macrophage polarization that pro-
motes metastasis and EMT in gastric cancer. Cell Death Dis. 2019;10:918.
https://doi.org/10.1038/541419-019-2131-y.

Weidenfeld K, Barkan D. EMT and stemness in tumor dormancy and out-
growth: are they intertwined processes? Front Oncol. 2018;8:381. https://
doi.org/10.3389/fonc.2018.00381.

Huang R, Wang S, Wang N, Zheng Y, Zhou J, Yang B, et al. CCL5 derived
from tumor-associated macrophages promotes prostate cancer stem
cells and metastasis via activating 3-catenin/STAT3 signaling. Cell Death
Dis. 2020;11(4):234. https://doi.org/10.1038/541419-020-2435-y.


https://doi.org/10.7150/thno.25541
https://doi.org/10.1186/s12943-017-0601-3
https://doi.org/10.1186/s12943-017-0601-3
https://doi.org/10.1002/jcp.29044
https://doi.org/10.1146/annurev.med.58.062105.204854
https://doi.org/10.1146/annurev.med.58.062105.204854
https://doi.org/10.3390/cancers13133145
https://doi.org/10.3390/cancers13133145
https://doi.org/10.21037/sci.2019.02.04
https://doi.org/10.21037/sci.2019.02.04
https://doi.org/10.1016/j.ejca.2006.01.040
https://doi.org/10.1097/MD.0000000000004764
https://doi.org/10.1097/MD.0000000000004764
https://doi.org/10.1073/pnas.1102454108
https://doi.org/10.1073/pnas.1102454108
https://doi.org/10.5772/intechopen.69947
https://doi.org/10.5772/intechopen.69947
https://doi.org/10.1038/cr.2016.47
https://doi.org/10.1016/j.stem.2009.11.013
https://doi.org/10.1016/j.stem.2009.11.013
https://doi.org/10.1007/s00535-015-1125-5
https://doi.org/10.1007/s00535-015-1125-5
https://doi.org/10.1126/science.1099513
https://doi.org/10.1155/2018/9501747
https://doi.org/10.1155/2018/9501747
https://doi.org/10.3389/fonc.2021.617677
https://doi.org/10.3389/fonc.2021.617677
https://doi.org/10.5045/br.2019.54.3.165
https://doi.org/10.1158/1078-0432.CCR-15-2157
https://doi.org/10.1002/stem.30
https://doi.org/10.18632/oncotarget.6890
https://doi.org/10.18632/oncotarget.6890
https://doi.org/10.1038/cr.2011.109
https://doi.org/10.1007/s00432-011-1038-5
https://doi.org/10.1007/s00432-011-1038-5
https://doi.org/10.1155/2014/981261
https://doi.org/10.1186/s12967-019-02189-8
https://doi.org/10.1101/GAD.314617.118
https://doi.org/10.22088/cjim.8.3.153
https://doi.org/10.22088/cjim.8.3.153
https://doi.org/10.1371/journal.pone.0060315
https://doi.org/10.1371/journal.pone.0060315
https://doi.org/10.1016/j.chrom.2021.04.006
https://doi.org/10.1016/j.immuni.2019.06.025
https://doi.org/10.1016/j.immuni.2019.06.025
https://doi.org/10.1186/s12885-019-5391-0
https://doi.org/10.1186/s12885-019-5391-0
https://doi.org/10.1186/s41021-016-0055-7
https://doi.org/10.1186/s41021-016-0055-7
https://doi.org/10.1016/j.mrrev.2008.03.002
https://doi.org/10.1158/2326-6066.CIR-14-0160
https://doi.org/10.18632/oncotarget.21575
https://doi.org/10.18632/oncotarget.21575
https://doi.org/10.4238/GMR15049040
https://doi.org/10.1016/j.ctrv.2020.102015
https://doi.org/10.1016/j.ctrv.2020.102015
https://doi.org/10.18632/oncotarget27870
https://doi.org/10.18632/oncotarget27870
https://doi.org/10.1038/s41419-019-2131-y
https://doi.org/10.3389/fonc.2018.00381
https://doi.org/10.3389/fonc.2018.00381
https://doi.org/10.1038/s41419-020-2435-y

Becerril-Rico et al. Stem Cell Res Ther

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

(2021) 12:498

Xue J, ZhuY, Sun Z, Ji R, Zhang X, Xu W, et al. Tumorigenic hybrids
between mesenchymal stem cells and gastric cancer cells enhanced
cancer proliferation, migration and stemness. BMC Cancer. 2015;15:793.
https://doi.org/10.1186/512885-015-1780-1.

Mao J, Liang Z, Zhang B, Yang H, Li X, Fu H. UBR2 enriched in p53-/-
mBMMSC-exosome promoted gastric cancer progression via Wnt/3-
catenin pathway. Stem Cells. 2017;35(11):2267-79. https://doi.org/10.
1002/stem.2702.

Ning X, Zhang H, Wang C, Song X. Exosomes released by gastric cancer
cells induce transition of pericytes into cancer- associated fibroblasts.
Med Sci Monit. 2018;24:2350-9. https://doi.org/10.12659/MSM.906641.
Valenti G, Quinn HM, Heynen GJJE, Lan L, Holland JD, Vogel R, et al.
Cancer stem cells regulate cancer-associated fibroblasts via activa-

tion of Hedgehog signaling in mammary gland tumor. Canver Res.
2017;77(8):2134-47. https://doi.org/10.1158/0008-5472.can-15-3490.
Hwang WL, Lan HY, Cheng WC, Huang SC, Yang MH. Tumor stem-like cell-
derived exosomal RNAs prime neutrophils for facilitating tumorigenesis
of colon cancer. J Hematol Oncol. 2019;12:10. https://doi.org/10.1186/
$13045-019-0699-4.

Zhang W, Gu J, Chen J, Zhang P, Ji R, Qian H, et al. Interaction with neu-
trophils promotes gastric cancer cell migration and invasion by inducing
epithelial-mesenchymal transition. Oncol Rep. 2017;38:2959-66. https://
doi.org/10.3892/0r.2017.5942.

Su Z SunY, Zhu H, LiuY, Lin X, Shen H, et al. Th17 cell expansion in gastric
cancer may contribute to cancer development and metastasis. Immunol
Res. 2014;58:118-24. https://doi.org/10.1007/512026-013-8483-y.

DuR, Zhao H,Yan F, Li H. IL-17 4+ Foxp3 + T cells: an intermediate differ-
entiation stage between Th17 cells and regulatory T cells. J Leukoc Biol.
2014;96:39-48. https://doi.org/10.1189/jlb.17ru0114-010rr.

Downs-Canner S, Berkey S, Delgoffe GM, Edwards RP, Curiel T, Odunsi

K, et al. Suppressive IL-17A+ Foxp3+ and ex-Th17 IL.-17Aneg Foxp3+
Treg cells are a source of tumour-associated Treg cells. Nat Commun.
2017;8:14649. https://doi.org/10.1038/ncomms14649.

Yang S, Wang B, Guan C, Wu B, Cai C, Wang M, et al. Foxp3 + IL-17 + T
cells promote development of cancer-initiating cells in colorectal cancer.
J Leukoc Biol. 2011;89:85-91. https://doi.org/10.1189/j1b.0910506.
Rezalotfi A, Ahmadian E, Aazami H, Solgi G, Ebrahimi M. Gastric cancer
stem cells effect on Th17/Treg balance; a bench to beside perspective.
Front Oncol. 2019;9:226. https://doi.org/10.3389/fonc.2019.00226.
Kong T, Ahn R, Yang K, Zhu X, Fu Z, Morin G, et al. CD44 promotes PD-L1
expression and its tumor-intrinsic function in breast and lung can-

cers. Cancer Res. 2020;80:444-57. https://doi.org/10.1158/0008-5472.
CAN-19-1108.

Yang Y, Wu K, Zhao E, Li W, Shi L, Xie G, et al. B7-H1 enhances prolifera-
tion ability of gastric cancer stem-like cells as a receptor. Oncol Lett.
2015;9:1833-8. https://doi.org/10.3892/01.2015.2949.

Wei F, Zhang T, Deng SC, Wei JC, Yang P, Wang Q, et al. PD-L1 promotes
colorectal cancer stem cell expansion by activating HMGA1-dependent
signaling pathways. Cancer Lett. 2019;450:1-13. https://doi.org/10.1016/].
canlet.2019.02.022.

Lee JS, Won HS, Sun DS, Hong JH, Ko YH. Prognostic role of tumor-
infiltrating lymphocytes in gastric cancer: a systematic review and meta-
analysis. Medicine (United States). 2018;97:32. https://doi.org/10.1097/
MD.0000000000011769.

LiaoT, Kaufmann AM, Qian X, Sangvatanakul V, Chen C, Kube T, et al.
Susceptibility to cytotoxic T cell lysis of cancer stem cells derived from
cervical and head and neck tumor cell lines. J Cancer Res Clin Oncol.
2013;139:159-70. https://doi.org/10.1007/500432-012-1311-2.

Chen J,Yang J, Jiang J, Zhuang Y, He W. Function and subsets of dendritic
cells and natural killer cells were decreased in gastric cancer. Int J Clin Exp
Pathol. 2014;7:8304-11.

Fu C, Zhou N, Zhao Y, Duan J, Xu H, Wang Y. Dendritic cells loaded

with CD44+ CT-26 colon cell lysate evoke potent antitumor immune
responses. Oncol Lett. 2019;18:5897-904. https://doi.org/10.3892/01.2019.
10952.

Szaryriska M, Olejniczak A, Kobiela J, taski D, Sledzirnski Z, Kmie¢ Z. Cancer
stem cells as targets for DC-based immunotherapy of colorectal cancer.
Sci Rep. 2018;8:12042. https://doi.org/10.1038/541598-018-30525-3.

Du Y, Wei Y. Therapeutic potential of natural killer cells in gastric cancer.
Front Immunol. 2019. https://doi.org/10.3389/fimmu.2018.03095.

68.

69.

70.

71

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Page 13 of 14

Massagué J, Obenauf AC. Metastatic colonization by circulating tumour
cells. Nature. 2016;529:298-306. https://doi.org/10.1038/nature17038.
Yang L, Zhao KL, Qin L, Ji DX, Zhang B, Zheng PF, et al. Notch signal-

ing pathway regulates CD4+CD25+CD127dim/— regulatory T cells

and T helper 17 cells function in gastric cancer patients. Biosci Rep.
2019;39(5):BSR20182044. https://doi.org/10.1042/BSR20182044.

Bie Q Zhang B, Sun C, Ji X, Barnie PA, Qi C, et al. IL-17B activated mesen-
chymal stem cells enhance proliferation and migration of gastric cancer
cells. Oncotarget. 2017;8:18914-23. https://doi.org/10.18632/oncotarget.
14835.

Jiang YX, Yang SW, Li PA, Luo X, Li ZY, Hao YX, et al. The promotion of the
transformation of quiescent gastric cancer stem cells by IL-17 and the
underlying mechanisms. Oncogene. 2017;36:1256-64. https://doi.org/10.
1038/0nc.2016.291.

Yu D, Shin HS, Lee YS, Lee YC. MiR-106b modulates cancer stem cell
characteristics through TGF-/Smad signaling in CD44-positive gastric
cancer cells. Lab Investig. 2014;94:1370-81. https://doi.org/10.1038/labin
vest.2014.125.

Liu XS, Lin XK, Mei Y, Ahmad S, Yan CX, Jin HL, et al. Regulatory T cells
promote overexpression of Lgr5 on gastric cancer cells via TGF-betal and
confer poor prognosis in gastric cancer. Front Immunol. 2019;10:1741.
https://doi.org/10.3389/fimmu.2019.01741.

Oshima H, Ishikawa T, Yoshida GJ, Naoi K, Maeda Y, Naka K, et al. TNF-/
TNFR1 signaling promotes gastric tumorigenesis through induction of
Noxo1 and Gna14 in tumor cells. Oncogene. 2014;33:3820-9. https://doi.
org/10.1038/0nc.2013.356.

Kono K, Nakajima S, Mimura K. Current status of immune checkpoint
inhibitors for gastric cancer. Gastric Cancer. 2020;23:565-78. https://doi.
0rg/10.1007/510120-020-01090-4.

Shin HM, Kim G, Kim S, Sim JH, Choi J, Kim M, et al. Chromatin accessibility
of circulating CD8+ T cells predicts treatment response to PD-1 blockade
in patients with gastric cancer. Nat Commun. 2021;12:975. https://doi.
0rg/10.1038/541467-021-21299-w.

Desai A, Yan Y, Gerson SL. Concise reviews: cancer stem cells targeted
therapies: toward clinical success. Stem Cell Transl Med. 2019;8(1):75-81.
https://doi.org/10.1002/5ctm.180123.

Li K, Wu H, Wang A, Charron J, Mishina Y, Habib SL, et al. mTOR signaling
regulates gastric epithelial homeostasis and gastric tumorigenesis via
MEK1-ERKs and BMP-Smad1 pathways. Cell Rep. 2021;35: 109069. https://
doi.org/10.1016/j.celrep.2021.109069.

Junttila MR, Mao W, Wang X, Wang BE, Pham T, Flygare J, et al. Targeting
LGR5+ cells with an antibody-drug conjugate for the treatment of colon
cancer. Sci Transl Med. 2015;7(314):314ra186. https://doi.org/10.1126/scitr
anslmed.aac7433.

Menke-van der Houven van Oordt CW, Gomez-Roca C, van Herpen

C, Coveler AL, Mahalingam D, Verheul HMW, et al. First-in-human

phase | clinical trial of RG7356, an anti-CD44 humanized antibody, in
patients with advanced, CD44-expressing solid tumors. Oncotarget.
2016;7:80046-58. https://doi.org/10.18632/oncotarget.11098.
El-Ashmawy NE, Salem ML, Khedr EG, El-Zamarany EA, Ibrahim AQ.
Dual-targeted therapeutic strategy combining CSC-DC-based vac-

cine and cisplatin overcomes chemo-resistance in experimental mice
model. Clin Transl Oncol. 2020;22:1155-65. https://doi.org/10.1007/
$12094-019-02242-4.

Lu L, Tao H, Chang AE, Hu Y, Shu G, Chen Q, et al. Cancer stem cell vaccine
inhibits metastases of primary tumors and induces Humoral immune
responses against cancer stem cells. Oncoimmunology. 2015;4(3):
€990767. https://doi.org/104161/2162402X.2014.990767.

Sumransub N, Jirapongwattana N, Jamjuntra P, Thongchot S, Chieo-
chansin T, Yenchitsomanus PT, et al. Breast cancer stem cell RNA-pulsed
dendritic cells enhance tumor cell killing by effector T cells. Oncol Lett.
2020;19:2422-30. https://doi.org/10.3892/01.2020.11338.

Ribas A, Puzanov I, Dummer R, Schadendorf D, Hamid O, Robert C,

et al. Pembrolizumab versus investigator-choice chemotherapy for
ipilimumab-refractory melanoma: a randomised, controlled, phase 2 trial.
Lancet Oncol. 2015;16:908-18. https://doi.org/10.1016/51470-2045(15)
00083-2.

Wei SC, Anang NAAS, Sharma R, Andrews MC, Reuben A, Levine JH, et al.
Combination anti-CTLA-4 plus anti-PD-1 checkpoint blockade utilizes
cellular mechanisms partially distinct from monotherapies. Proc Natl
Acad Sci. 2019;116:22699-709. https://doi.org/10.1073/pnas.1821218116.


https://doi.org/10.1186/s12885-015-1780-1
https://doi.org/10.1002/stem.2702
https://doi.org/10.1002/stem.2702
https://doi.org/10.12659/MSM.906641
https://doi.org/10.1158/0008-5472.can-15-3490
https://doi.org/10.1186/s13045-019-0699-4
https://doi.org/10.1186/s13045-019-0699-4
https://doi.org/10.3892/or.2017.5942
https://doi.org/10.3892/or.2017.5942
https://doi.org/10.1007/s12026-013-8483-y
https://doi.org/10.1189/jlb.1ru0114-010rr
https://doi.org/10.1038/ncomms14649
https://doi.org/10.1189/jlb.0910506
https://doi.org/10.3389/fonc.2019.00226
https://doi.org/10.1158/0008-5472.CAN-19-1108
https://doi.org/10.1158/0008-5472.CAN-19-1108
https://doi.org/10.3892/ol.2015.2949
https://doi.org/10.1016/j.canlet.2019.02.022
https://doi.org/10.1016/j.canlet.2019.02.022
https://doi.org/10.1097/MD.0000000000011769
https://doi.org/10.1097/MD.0000000000011769
https://doi.org/10.1007/s00432-012-1311-2
https://doi.org/10.3892/ol.2019.10952
https://doi.org/10.3892/ol.2019.10952
https://doi.org/10.1038/s41598-018-30525-3
https://doi.org/10.3389/fimmu.2018.03095
https://doi.org/10.1038/nature17038
https://doi.org/10.1042/BSR20182044
https://doi.org/10.18632/oncotarget.14835
https://doi.org/10.18632/oncotarget.14835
https://doi.org/10.1038/onc.2016.291
https://doi.org/10.1038/onc.2016.291
https://doi.org/10.1038/labinvest.2014.125
https://doi.org/10.1038/labinvest.2014.125
https://doi.org/10.3389/fimmu.2019.01741
https://doi.org/10.1038/onc.2013.356
https://doi.org/10.1038/onc.2013.356
https://doi.org/10.1007/s10120-020-01090-4
https://doi.org/10.1007/s10120-020-01090-4
https://doi.org/10.1038/s41467-021-21299-w
https://doi.org/10.1038/s41467-021-21299-w
https://doi.org/10.1002/sctm.180123
https://doi.org/10.1016/j.celrep.2021.109069
https://doi.org/10.1016/j.celrep.2021.109069
https://doi.org/10.1126/scitranslmed.aac7433
https://doi.org/10.1126/scitranslmed.aac7433
https://doi.org/10.18632/oncotarget.11098
https://doi.org/10.1007/s12094-019-02242-4
https://doi.org/10.1007/s12094-019-02242-4
https://doi.org/10.4161/2162402X.2014.990767
https://doi.org/10.3892/ol.2020.11338
https://doi.org/10.1016/S1470-2045(15)00083-2
https://doi.org/10.1016/S1470-2045(15)00083-2
https://doi.org/10.1073/pnas.1821218116

Becerril-Rico et al. Stem Cell Res Ther (2021) 12:498

86.

87.

88.

89.

90.

91.

92.

Ames E, Canter RJ, Grossenbacher SK, Mac S, Chen M, Smith RC, et al. NK
cells preferentially target tumor cells with a cancer stem cell phenotype.
Immunol. 2015;195:4010-9. https://doi.org/10.4049/jimmunol.1500447.
Casucci M, Di Robilant BN, Falcone L, Camisa B, Norelli M, Genovese P,

et al. CD44v6-targeted T cells mediate potent antitumor effects against
acute myeloid leukemia and multiple myeloma. Blood. 2013;122:3461-
72. https://doi.org/10.1182/blood-2013-04-493361.

Zhu X, Prasad S, Gaedicke S, Hettich M, Firat E, Niedermann G. Patient-
derived glioblastoma stem cells are killed by CD133-specific CART cells
but induce the T cell aging marker CD57. Oncotarget. 2015;6:171-84.
https://doi.org/10.18632/oncotarget.2767.

Jung M, Yang Y, McCloskey JE, Zaman M, Vedvyas Y, Zhang X, et al. Chi-
meric antigen receptor T cell therapy targeting ICAM-1 in gastric cancer.
Mol Ther Oncolytics. 2020;18:587-601. https://doi.org/10.1016/j.omto.
2020.08.009.

Saleh R, Elkord E. Acquired resistance to cancer immunotherapy: role of
tumor-mediated immunosuppression. Semin Cancer Biol. 2019;65:13-27.
https://doi.org/10.1016/j.semcancer.2019.07.017.

Yang L, Shi P, Zhao G, Xu J, Peng W, Zhang J, et al. Targeting cancer stem
cell pathways for cancer therapy. Signal Transduct Target Ther. 2020;5:8.
https://doi.org/10.1038/541392-020-0110-5.

Cheng J, Zhao L, Zhang Y, Qin Y, Guan Y, Zhang T, et al. Understanding the
mechanisms of resistance to CAR T-cell therapy in malignancies. Front
Oncol. 2019;9:1237. https://doi.org/10.3389/fonc.2019.01237.

—

Page 14 of 14

93. Dwivedi A, Karulkar A, Ghosh S, Rafig A, Purwar R. Lymphocytes in cellular
therapy: functional regulation of CART cells. Front Immunol. 2019;9:3180.
https://doi.org/10.3389/fimmu.2018.03180.

94. Kenderian SS, Ruella M, Shestova O, Klichinsky M, Kim MY, Porter DL, et al.
Identification of PD1 and TIM3 as checkpoints that limit chimeric antigen
receptor T cell efficacy in Leukemia. Blood. 2015;126:852-852. https://doi.
org/10.1182/blood.v126.23.852.852.

95. Wang, Zhao E, Zhang Z, Zhao G, Cao H. Association between Tim-3 and
Gal-9 expression and gastric cancer prognosis. Oncol Rep. 2018;40:2115-
26. https://doi.org/10.3892/0r.2018.6627.

96. Saeidi A, Zandi K, Cheok YY, Saeidi H, Wong WF, Lee CYQ, et al. T-cell
exhaustion in chronic infections: reversing the state of exhaustion and
reinvigorating optimal protective immune responses. Front Immunol.
2018;9:2569. https://doi.org/10.3389/fimmu.2018.02569.

97. Mehta A, Kim YJ, Robert L, Tsoi J, Comin-Anduix B, Berent-Maoz B, et al.
Immunotherapy resistance by inflammation-induced dedifferentia-
tion. Cancer Discov. 2018;8:935-43. https://doi.org/10.1158/2159-8290.
CD-17-1178.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.4049/jimmunol.1500447
https://doi.org/10.1182/blood-2013-04-493361
https://doi.org/10.18632/oncotarget.2767
https://doi.org/10.1016/j.omto.2020.08.009
https://doi.org/10.1016/j.omto.2020.08.009
https://doi.org/10.1016/j.semcancer.2019.07.017
https://doi.org/10.1038/s41392-020-0110-5
https://doi.org/10.3389/fonc.2019.01237
https://doi.org/10.3389/fimmu.2018.03180
https://doi.org/10.1182/blood.v126.23.852.852
https://doi.org/10.1182/blood.v126.23.852.852
https://doi.org/10.3892/or.2018.6627
https://doi.org/10.3389/fimmu.2018.02569
https://doi.org/10.1158/2159-8290.CD-17-1178
https://doi.org/10.1158/2159-8290.CD-17-1178

	The cross talk between gastric cancer stem cells and the immune microenvironment: a tumor-promoting factor
	Abstract 
	Introduction
	GCSC and the hierarchical model of tumor progression: functional phenotypes and clinical significance
	The gastric cancer immune contexture
	Inflammation and microenvironment in the GC context
	Innate and adaptive immune system in feedback loop with GCSC
	Immune evasion in GCSCs
	Stemness-related signaling pathways favored by immune activity

	Targeting GCSCs through the immune system
	Immune system as a tool in the treatment against GCSC
	Immunotherapy resistance related to GCSC microenvironment

	Conclusion
	Acknowledgements
	References


